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Abstract. This paper examines the impact of breastfeeding practices on the large 
regional differences in infant mortality in Germany around 1910. Breastfeeding is 
strongly negatively associated with infant mortality and remains so after controlling for 
public health measures and for demographic, economic, and social factors that also 
affect infant mortality. But it contributes much less to regional differences in infant 
mortality than do access to medical care, percentage illegitimate and marital fertility. 
Breastfeeding is less important than these other factors because it affects fewer causes 
of death and has a smaller impact on cause-specific infant mortality rates. 
Rdsumd. L'impact des caractdrist'ulues de l ' ~ t e m e n t  sur les differences r~gionales de 
mortalit$ infantile en A llemagne vers 1910 
L'auteur 6tudie l'impact des pratiques d'allaitement sur les grandes diff6rences r6gio- 
nales de mortalit6 infantile observ6es en Allemagne aux alentours de 1910. I1 exis~e une 
association fortement n6gative entre l'allaitement et la mortalit6 infantile, mSme quand 
on contr61e les facteurs d~mographiques, 6conomiques, sociaux et de politique sanitaire, 
qui, eux aussi, affectent la mortalit6 infantile. Mais les diff6rences r6gionales de 
mortalit6 infantile s'expliquent nettement moins par l'allaitement que par l'accessibilit6 
des soins m6dicaux, le taux d'ill6gitimit6 des naissances et la f6condit6 16gitime. 
L'allaitement est un facteur de moindre importance que ceux-ci parce qu'il n 'a  d'impact 
que sur un petit hombre de causes de d6c~s, et un faible impact sur les taux de 
mortalit~ infantile par cause. 
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1. Introduction 
During the late nineteenth and early twentieth centuries infant 
mortality in Germany was distinguished from that of other European 
countries by several features, including extensive regional variation. 
Infant mortality levels within Germany displayed a range as great as 
the difference between contemporary more and less developed coun- 
tries. In 1908-1912, for instance, the infant mortality rate for German 
administrative areas ranged from 78 to 276 infant deaths per 1,000 live 
births [Kintner (1982)] (fig. 1). 
What factors accounted for these differences? Recently, investigators 
have debated how much regional breastfeeding practices contributed to 
regional differences in infant mortality and marital fertility in Belgium 
and the Netherlands [Vandenbroeke et al. (1983), Hofstee (1983), 
Lesthaeghe (1983)]. These researchers could not estimate the impact of 
breastfeeding because no quantitative information on infant feeding 
practices was available. Since breastfeeding practices in Germany dur- 
ing the early twentieth century were well documented, this paper 
examines the impact of breastfeeding on regional differences in infant 
mortality in Germany. Multivariate statistical techniques are used to 
control for the influence of other determinants of infant mortality, such 
as marital fertility, economic development, and public health measures. 
The paper also focuses on the biological mechanisms through which 
breastfeeding and other determinants of infant mortality operate, by 
examining their contribution to regional differences in the causes of 
infant death. 
2. Regional variation in infant mortality and breasffeeding 
Although on average three-quarters of the infants in an administra- 
tive area were breastfed, sharp regional differences in both the preva- 
lence and duration of breastfeeding were present in Germany around 
1910 [Kintner (1985), Knodel and Van de Walle (1967)]. In contrast to 
southeastern Germany where most infants were never breasffed, in 
northwestern Germany (aside from cities such as Berlin, Hamburg and 
Bremen), the prevalence of breastfeeding was quite high (fig. 2). The 
percentage of infants ever breastfed ranged from 25 to 95 per cent. The 
same patterns are present for the average duration of breastfeeding 
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Fig. 1. Regional variation in infant mortality, Germany, 1908-1912. 
(based on all infants). The average period of breastfeeding in 34 
administrative areas around 1910 was 5.8 months, twice as long as the 
average in 117 districts in Bavaria, a region known for the custom of 
early weaning or never breastfeeding [Kintner (1985)]. 
Regional variation in breastfeeding practices corresponds well with 
regional variation in infant mortality (compare fig. 1 and 2). Nearly all 
infants were breastfed in northwestern Germany, the area of lowest 
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Fig. 2. Percentage of infants ever breastfed, 56 German administrative areas, 1903-1909. 
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infant mortality. Areas in southeastern Germany, where most infants 
were never breastfed, experienced the highest infant mortality. How- 
ever, the association is not perfect. Some urban areas, such as Ham- 
burg, Bremen and Berlin, that had a sizeable percentage of infants who 
were never breastfed, had only low or moderate (for that time) levels of 
infant mortality. This suggests that other factors, which are reviewed 
next, also contributed to regional differences in infant mortality. 
3. A model of the determinants of infant mortality in Germany 
Breastfeeding and other factors have been incorporated into a theo- 
retical model of the determinants of infant mortality in Germany 
(displayed in fig. 3). 
The model consists of two structural equations, one predicting infant 
mortality (discussed next) and the other predicting marital fertility (to 
be discussed later). The double arrow between infant mortality and 
marital fertility indicates that they may affect each other simulta- 
neously. 
3.1. Infant mortality 
Fig. 3 implies that :infant mortality is a function of economic 
development, access to medical care, marital fertility, percentage 
Catholic, infant feeding practices, medical technology, population den- 
sity, three public health measures (water systems, sewerage systems, 
and infant welfare centres) and the proportion of births that are 
illegitimate. 
Most of these factors have been emphasized in explanations of 
mortality declines. The demographic transition posits a negative rela- 
tionship between economic development and mortality levels. Beaver 
(1973) argues that improvements in the quality and quantity of cow's 
Economic Percentage Density 
Net development Catholic / / Sewer 
migration ~ ~ ~ . ~  systems 
Water 
Marital fertility ~ Infant mortality < systems 
Access to / / ~ ~,~J/ 
medical care-- ~Infant 
Medical ~ d i n g  I l l eg i t imacy  
technology practices 
Fig. 3. Model of the determinants of infant mortality in Germany. 
welfare 
centres 
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milk as a substitute for breastmilk bore responsibility for infant mortal- 
ity declines. Aykroyd and Kevany (1973) have attributed declines in 
infant mortality to a complex of factors including public health mea- 
sures, the improved safety of cow's milk, the infant welfare movement, 
and increased access to medical care. Changes in fertility levels and 
reproductive patterns have also been considered major determinants of 
infant mortality declines [Reves (1985), Rott (1929)]. Improvements in 
medical technology, such as hygienic delivery rooms and intravenous 
therapy for diarrhoeal diseases, may also have made a contribution 
[McKeown (1976)1. 
The composition of births by legitimacy is known to have been 
associated with areal variation in infant mortality within Germany 
[Knodel (1974)]. Proportion Catholic is included not only because 
Catholics had high fertility but also because they tended to register 
stillbirths as infant deaths, thereby inflating the recorded infant mortal- 
ity rate [Frey (1923), Knodel (1975)]. Population density is included 
because it has generally been found to be positively related to mortality 
in historical studies [see, for example, Condran and Crimmins-Gardner 
(1978)1. 
The substantial survival advantage of breastfed infants over artifi- 
cially fed infants has been noted in historical European and American 
populations as well as in contemporary less-developed countries [see, 
for instance, Knodel (1977), Woodbury (1925), Cunningham (1981), 
and Jason et al. (1984)]. Breastmilk is not only nutritionally ideal for 
the growing child but also transmits needed immunities from the 
mother [Chandra (1978)] and is relatively sterile. The chances of 
breastfed infants surviving to age one vary from 1 to 30 per cent higher 
than those of artificially fed infants [Knodel (1977)1. Though some have 
argued that the influence of breastfeeding may have been overstated 
because of biases in study design, a recent study demonstrated that 
'even when these biases are dealt with, unsupplemented breastfeeding 
appears more beneficial than supplemented breastfeeding' [Habicht et 
al. (1986)]. 
While it is doubtful that areal and temporal differences in infant 
mortality rates are due solely to any one factor, it is difficult to 
anticipate the relative contribution of each variable. Variables that 
influence primarily areal variation and population density are, how- 
ever, expected to have relatively minor effect. 
Infant mortality is expected to be negatively related to the preva- 
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lence and duration of breastfeeding. It may be curvilinearly related to 
breastfeeding because after six months breastmilk can supply only part 
of an infant's nutritional requirements (Jelliffe and Jelliffe (1978)]. 
Thus fully breastfeeding for longer than six months (without introduc- 
tion of supplemental foods) may actually increase infant mortality. 
Infant mortality is hypothesized to be negatively related to access to 
medical care, medical technology, and the three public health factors, 
and positively related to the remaining factors, including economic 
development. It is also likely that the effect of breastfeeding interacts 
with the quality of drinking water and the availability of sewerage 
facilities [Lesthaeghe (1983), DaVanzo and Habicht (1986)]. For exam- 
ple, breastfeeding has been shown to be more strongly associated with 
infant survival in houses without piped water or toilet sanitation in 
contemporary Malaysia [Butz, Habicht, and DaVanzo (1984)]. 
These determinants of infant mortality are expected to influence 
regional variation in infant mortality by affecting regional variation in 
one or more causes of infant death. Variation in the incidence of 
certain diseases of infancy (mostly prematurity and immaturity) is 
related to maternal nutritional status and reproductive patterns, includ- 
ing age of mother, rapidity of childbearing and number of children ever 
born [Lechtig et al. (1978), United Nations (1954)]. Diarrhoeal diseases 
are associated with insufficient and/or  contaminated food and water, 
warm climates, malnutrition and poor sanitary conditions [Preston 
(1976)]. Influenza/pneumonia/bronchit is  are related to nutritional 
status, cold climates, and poor housing conditions. Diarrhoea and 
influenza/pneumonia/bronchit is  are closely related. Several studies 
have shown that mortality from air-borne diseases is often the result of 
debilitation originally caused by bouts of diarrhoeal disease [Preston 
and Van de Walle (1978)1. The survival disadvantage of illegitimate 
German infants operated mainly through certain diseases of infancy 
and digestive diseases and somewhat through infectious and respiratory 
diseases [Prinzing (1931)]. Proportion Catholic is hypothesized to oper- 
ate through certain diseases of infancy (because of the misregistration 
of stillbirths) and possibly also through infectious and parasitic dis- 
eases, because of large family size. 
3. 2. Marital fertility 
The theoretical model in fig. 3 allows for the possibility that marital 
fertility and infant mortality are mutually related. While there is much 
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evidence that marital fertility affects infant mortality [e.g., Reves 
(1985), Rott (1929)], and that infant mortality affects marital fertility 
[Preston (1978)], few studies have appreciated the complexity of this 
relationship. The equation for marital fertility includes net migration, 
access to medical care, medical technology, proportion Catholic, eco- 
nomic development, and infant feeding practices. German marital 
fertility was negatively related to economic development and positively 
related to the proportion Catholic [Knodel (1974), Richards (1977)]. 
Infant feeding practices are included in this equation because the 
duration of breastfeeding is directly related to the length of postpartum 
amenorrhea [Van Ginneken (1974)]. Net migration is included because 
out-migration may be an alternative to fertility reduction as a response 
to population pressure [Davis (1963)]. Access to medical care and 
medical technology are included because both would affect fecundity 
by improving the health status of women. Improvements in water and 
sewerage systems probably contributed little to the health of women in 
the reproductive ages, if the low incidence of the causes of death 
associated with these factors is a valid indicator of morbidity in these 
ages. They are, therefore, not included in the equation. Population 
density is also excluded from this equation because, although it is 
negatively related to fertility in many animal populations, the nature of 
the relation is not clear-cut in human populations [Galle and Gove 
(1978)]. 
4. Data and operationalization of variables 
Our analyses are based on data from 54 administrative areas in 1910. 
The administrative areas used here are a combination of smaller states, 
such as Lippe, Bremen, and Hamburg, and of middle-level political 
units (Regierungsbezirke) for the larger states, including Prussia, 
Bavaria, Baden, Saxony, and Hessen. They are described in more detail 
in Knodel's monograph [Knodel (1974)]. Seventeen of the original 71 
administrative areas were excluded because of lack of data. 1 
Table 1 displays definitions, abbreviations, and data sources for the 
variables. The exact indicators used were chosen because of their 
1 The following administrative areas were excluded: Danzig, Marienwerder, Potsdam, Liegnitz, 
Liineburg, Trier, Sigrnaringen, Mecklenburg, Herzogtum Oldenburg, Furstentum Ltibeck, Birken- 
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availability or because using alternative ones would have required 
considerable interpolation. Rates are averaged over the five-year period 
(1908-1912) to reduce yearly fluctuations. Economic development is 
represented by industrialization and urbanization. 
Infant feeding practices are measured by the prevalence of breast- 
feeding (percentage of live-born children ever breastfed) rather than by 
the average duration of breastfeeding because more data on the former 
variable is available. The average duration (based on all infants) is 
highly positively correlated with the prevalence of breastfeeding 
[Kintner (1985)]. Data on the incidence of breasffeeding was compiled 
from several different sources and is discussed in detail elsewhere 
(ibid.). 
Information on the causes of infant death was taken from state and 
national statistical publications. A uniform cause-of-death classifica- 
tion was developed to combine the various state and national classifica- 
tion schemes [Kintner (1986)]. This paper focuses on four major groups 
of causes of death that are mutually exclusive and all-inclusive: certain 
diseases of infancy (CDI), water-borne diseases (WAT), air-borne 
diseases (AIR), and other causes of death (OTH). These groups were 
chosen because they distinguish two major forms of disease transmis- 
sion and the conditions associated with mortality shortly after birth. 
Water-borne diseases include diarrhoeal diseases, cholera, and typhoid. 
Air-borne diseases consist of respiratory diseases and tuberculosis as 
well as other infectious and parasitic diseases transmitted by air, such 
as whooping cough. 
This original classification groups cramps, a poorly defined cause of 
infant death, with other ill-defined conditions in other causes of death 
(OTH). A modification of this classification scheme is also presented 
in which most deaths from cramps are considered as diarrhoeal disease 
and grouped with water-borne disease (WAT*). The corresponding 
category of other causes of death without cramps is designated (OTH *). 
5. Methods 
The results are presented in three sections. The first section presents 
simple descriptive statistics and the zero-order correlation between 
breastfeeding and infant mortality. This section also analyzes the 
correlations between infant mortality and each of the other explanatory 
variables. 
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The second section examines how much breastfeeding influences 
infant mortality after controlling for the other variables in the model. 
This relationship is examined using a recursive model of infant mortal- 
ity that does not allow for the simultaneity between infant mortality 
and marital fertility: 2 
logit IMR = b 0 + bllG + b2PRIM + b3RUR + b4CA + bsMDP 
+ b6SWR + b7IWC + bsILEG + b9IFP + bloDEN. (1) 
Estimates of some of the coefficients may be biased because no 
measures are available for medical technology or water systems, which 
were included in the structural equation for infant mortality in fig. 3 
[Kmenta (1971)]. These omissions are, however, not likely to affect the 
coefficient for the percentage ever breastfed. Generally, omitted varia- 
bles influence most the coefficients of the variables with which they are 
closely correlated (ibid.). The percentage ever breastfed is unlikely to 
be correlated with medical technology. It is probably associated with 
water systems because some substitutes for breastmilk were prepared 
with drinking water [Kintner (1985)]. But the bias is likely to be small 
because eq. (1) does control for sewerage systems. In Germany, devel- 
opment of water systems paralleled that for sewerage systems [Kintner 
(1982)]. Furthermore, an essential mortality-reducing aspect of water 
systems is separation of drinking water from sewage. 
The second section also examines the impact of breastfeeding on 
regional variation in marital fertility by estimating the following recur- 
sive model: 
IG = go + gl IMR + g2 P R I M  + g3 RUR + g4 CA + g5 MDP 
+ g6NMR + g7IFP. (2) 
Since this equation also excludes medical technology, for which no 
measure is available, the estimates of the coefficients may be biased 
2 The proposed simultaneous equation model could not be estimated using full information 
maximum likelihood estimation by LISREL [Joreskog and Sorbom (1978)]. Although the theoreti- 
cal model satisfies both the order and rank conditions for identification [Kmenta (1971)], it is not 
identified using the sample data [Kintner (1982)]. Note that estimation of this system using OLS 
could result in biased and inconsistent estimates of the coefficients for marital fertility and infant 
mortality [Kmenta (1971)]. 
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[Kmenta (1971)]. Again this omission is not likely to affect the coeffi- 
cient of the percentage ever breastfed, however, because the latter is 
unlikely to be correlated with medical technology. 
The third section identifies the causes of death responsible for 
regional differences in infant mortality and analyzes the impact of 
breastfeeding on the causes of infant death after controlling for the 
other determinants of infant mortality. 
To estimate the extent to which a particular cause of death contrib- 
utes to regional variation in infant mortality, equations of the following 
form were estimated: 
C S I M R  i = a i + b i l M R  
where CSIMR~ is the cause-specific infant mortality rate of cause i 
(infant deaths due to cause i per 1,000 live births) and IMR is the 
infant mortality rate from all causes combined. Aside from rounding 
error, the a~ sum to zero and the b i sum to 1.0 [Espenshade (1973) cited 
in Preston (1976)1. 
Eq. (1) was estimated separately for each cause-specific infant 
mortality rate in order to examine the impact of breastfeeding on the 
causes of infant death controlling for the other determinants of infant 
mortality. 
6. Descriptive statistics 
By 1910, Germany had completed much of the transition from a 
predominantly rural agrarian state to a highly urban industrialized 
society. On average only 30% of the population in an administrative 
area depended on the primary sector (agriculture, mining and forestry) 
and less than half the population (44%) lived in rural areas (table 2). 
Population density had risen from 0.35 persons per square kilometer 3 
in 1871 to 0.82 in 1910. The number of physicians per 10,000 inhabi- 
tants was moderate (about five) while the number of infant welfare and 
mother advising centres was very low (less than one per 1,000 live 
births). About 30 per cent of the population in an administrative area 
3 Population density is measured as persons per one- thousandth  square kilometer in the regres- 
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had access to sewerage systems. Infant mortality rates were high (162 
infant deaths per 1,000 live births) and had only begun to decline 
[Kintner (1982)]. Marital fertility was also still fairly high, averaging 
about half the level of the Hutterites, but had already declined to 71% 
of the 1871 level [Knodel (1974)]. About  nine per cent of all live births 
were illegitimate, which reflects high illegitimate fertility in Germany 
relative to the rest of Europe [Shorter, Knodel and Van de Walle 
(1971)]. About one third of the population was Catholic (35%), a figure 
that had remained constant since 1871 [Knodel (1974)]. More people 
were emigrating than immigrating but  at a lower rate than that ob- 
served between 1880 and the early 1890s (ibid.). The mean level of 
most variables is representative of Germany. 4 
As expected, the percentage of infants ever breastfed is strongly 
negatively related to infant mortality (r = -0 .61 ,  p < 0.05). This corre- 
lation is similar to that found by Knodel and Van de Walle (1967) 
using data on different administrative areas in Germany. The correla- 
tions between infant mortality and industrialization, urbanization, 
access to medical care, density, sewerage systems, and infant welfare 
centres, respectively, are not statistically significant from zero. 
The prevalence of breastfeeding is not significantly associated with 
marital fertility (r = -0 .13 ,  p > 0.05). As hypothesized, marital fertil- 
ity is positively related to the percentage dependent  on the primary 
sector, percentage Catholic and percentage rural. Contrary to expecta- 
tions, it is negatively related to access to medical care and net migra- 
tion. 
Several explanatory variables are closely correlated. For instance, the 
measures of urbanization (RUR) and industrialization (PRIM) have a 
correlation of 0.92. The percentage of the population with access to 
sewerage systems (SWR) is also closely associated with both variables, 
as might be expected since sewer systems were first constructed in 
industrialized urban areas. This degree of multicollinearity is high 
enough to result in imprecise estimates of the variances of the regres- 
sion coefficients, which affects significance tests [Kmenta (1971)]. To 
overcome this problem the indicators of industrialization ( P R I M )  and 
access to sewerage systems (SWR) were not included in the final 
4 The largest discrepancy between the sample and national figures is for infant mortality. The 
average infant mortality rate in an administrative area in the sample is 162, slightly lower than the 
national infant mortality rate of 169.9 [Kintner (1982)]. 
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regression equation. These variables rather than others [e.g., urbaniza- 
tion (RUR)] were deleted because they are less closely associated with 
infant mortality and more closely associated with other explanatory 
variables. 
7. The impact of breasffeeding after controlling for other variables 
This section examines the effect of breastfeeding after controlling for 
the other determinants of German infant mortality. First, however, the 
impact of the other determinants is examined. 
The first equation of table 3 presents ordinary least squares (OLS) 
estimates of the coefficients of a model where the infant mortality rate, 
transformed as a logit 5, is regressed on marital fertility, percentage 
Catholic, percentage rural, access to medical care, population density, 
infant welfare centres, and percentage illegitimate. No breastfeeding 
variables were included. As expected, marital fertility, percentage 
Catholic, and the level of illegitimacy are positively related to infant 
mortality and access to medical care is negatively related to it. Con- 
trary to expectations, population density and the percentage rural are 
both negatively related to infant mortality. The coefficients of all 
variables except infant welfare centres are statistically significant (p  < 
0.05). Few infant welfare centres had been established by 1910,. so 
those that had been established may not have devised the most effec- 
tive childcare methods by this time. This equation accounts for 82% of 
the variance in the logit of the infant mortality rate. 
In the next equation, the infant mortality rate (transformed as logit) 
is regressed on the percentage ever breastfed, its square 6 (abbreviated 
PBFSQ), the interaction between the prevalence of breastfeeding and 
the percentage with access to sewerage system 7 (PBFSWR), as well as 
the variables in the first equation. The addition of these variables 
5 The mean and standard deviation of logit IMR are - t,671 and 0.297, respectively. 
6 The quadratic term is represented by the square of ( P B F -  74.89). The mean is subtracted from 
the percentage ever breastfed to reduce the correlation between the linear and quadratic terms. 
The mean and standard deviation of this variable are 212.7 and 462.7. 
7 This interaction is represented by a dummy variable scored one if breastfeeding was below 60% 
and the percentage of the population with access to sewer systems was less than 30, and zero 
otherwise. Various formulations of this interaction were estimated but none was statistically 
significant. 
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significantly increases the amount of explained variance. 8 The interac- 
tion term is not significantly different from zero. Since this interaction 
term is highly correlated with the other two breastfeeding variables, its 
presence may be adversely influencing the significance of these terms. 
Equation C of table 3, therefore, excludes the interaction term. As 
before, the increment in explained variance is statistically significant, 
though quite small. Unlike in equation B, the coefficients of both 
breastfeeding terms are significant. 9 However, the signs of the coeffi- 
cients are not in the expected direction. If the prevalence of breastfeed- 
ing diminishes infant mortality until about the sixth month, it would be 
expected that the linear term would be negative and the quadratic term 
would be positive. Here both terms are negative, indicating that pro- 
longed breastfeeding reduces infant mortality even further. This effect 
would be plausible if foods given to infants after age six months were 
less nutritionally adequate than breastmilk. While a full nutritional 
comparison of breastmilk and various infant foods used historically has 
not been conducted, a review of foods typically given to infants in 
Germany at that time [Kintner (1985)] indicates this possibility is not 
out of the question. For instance, commercial infant foods typically 
contained less protein and more sugar than breastmilk (ibid.) 
The coefficients in equation C are difficult to interpret since they 
represent the change in logit IMR due to a change of one unit in the 
explanatory variables. In column (4) of table 3 these coefficients have 
been transformed into the change in the infant mortality rate due to a 
change of one unit in the explanatory variable (dIMR) using the 
cumulative distribution function [Petersen (1985)]. Increasing the per- 
centage ever breastfed by one unit reduces the infant mortality rate by 
0.54 infant deaths per 1,000 live births (combining both the linear and 
quadratic terms and evaluating at the mean), in  contrast, if the per- 
centage illegitimate were hypothetically to increase by one, the infant 
mortality rate would rise by 10 infant deaths per 1,000 live births; and 
an increase of one physician per 10,000 population would lower the 
8 The F-test for the significance of the increment in explained variance was used [Kmenta  (1971)]. 
9 The stability of these results was investigated using regression diagnostic techniques for 
detecting outliers and influential cases [for a good review, see Bollen and  Jackman (1985)]. These 
techniques suggested that the regression estimates were unduly influenced by four administrative 
areas. However, results are nearly robust  to the omission of these administrative areas. Original 
results based on all cases are presented because there is no substantive reason to omit  these four 
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infant mortality rate by eleven points. The effect of marital fertility is 
particularly large when viewed in terms of a one unit change in IG, as 
in table 3. It represents a decrease of 19.7 infant deaths per 1,000 live 
births for a one child reduction in the Total Fertility Rate. 1° 
The coefficients in columns (3) and (4) cannot be used to determine 
the importance of breastfeeding relative to most of other variables since 
they are measured in different units. (Note, though, that percentage 
ever breastfed and percentage illegitimate share a common metric.) The 
impact of breastfeeding compared with that of the other factors can be 
examined in two different ways - standardized regression coefficients 
and elasticities. The standardized regression coefficients [column (5) of 
table 3] are the expected change in the  infant mortality rate (1MR), in 
standard deviation units, for an increment of one standard deviation in 
an explanatory variable, holding the other explanatory variables con- 
stant. Using this criterion, illegitimacy has by far the greatest impact on 
regional differences in infant mortality, followed by access to medical 
care, marital fertility and percentage Catholic. The standardized coeffi- 
cient for the effect of breastfeeding, combining both the linear and the 
quadratic terms, is -0 .2 ,  evaluated at the average percentage ever 
breastfed. 11 This coefficient is much smaller than those for illegitimacy 
and access to medical care, perhaps because the standard deviation of 
the percentage ever breastfed is small relative to its mean (table 2). 
The impact of breastfeeding is also small compared to that of other 
variables when viewed in terms of elasticities or the percentage change 
in 1MR per one per cent change in the explanatory variables. 12 Here 
elasticities are discussed in terms of hypothetical proportionately equiv- 
alent (20%) changes. When the observed average values are inserted 
into equation C of table 3, the average infant mortality rate is predicted 
to be 162.13 In this equation the percentage ever breastfed averages 
10 Calculated using the approximation TFR = 11 X IG X 0.53 [Pdchards (1977)]. 
11 The standardized regression coefficient for both terms combined was calculated by taking the 
partial derivative and multiplying by the ratio of the standard deviations of the percentage ever 
breastfed to that for the logit of the 1MR [Stolzenberg (1979)]. 
1~ Since l n ( p / ( 1  - p) )  = EXibi,  p = exp(~Xib i ) / (1  + exp(52Xibi)), where X i are the explanatory 
variables, b i the estimated coefficients, and i goes from 1 to 9 in equation C of table 3. 
13 To derive the average predicted 1MR,  predicted I M R  was first calculated separately for each 
administrative area using the procedure in the previous footnote and then averaged over the 54 
cases. Since the logit transformation is non-linear, the value of I M R  does not equal average I M R  
predicted by the weighted sum of variable means, where the weights are the regression coefficients. 
The sample mean is however estimated by averaging I M R s  predicted by weighing variable values 
by coefficients and then averaging over all cases. 
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74.89. If the average percentage ever breastfed rose to 90% and the 
means of the other variables stayed the same, the average I M R  is 
predicted to fall slightly, to 153.14 The impact of changes in breastfeed- 
ing is not as strong as that of proportionately equivalent changes in 
illegitimacy, access to medical care or marital fertility. For instance, if 
the mean percentage illegitimate were lowered from 8.8 to 7.1 per cent, 
the 1MR would fall by ten per cent to 145. Similarly, if the average 
number of physicians per 10,000 population rose from 4.8 to 5.7, the 
I M R  would fall to 151, a 7% drop. If marital fertility fell from 57% of 
the level of the Hutterites to 45% of that level, the rate would be 149, a 
8% decline. 
The relative importance of breastfeeding is further illustrated by 
comparing the impact of various socio-demographic changes between 
1910 and 1933. During this time I M R  fell from 162 to 71 infant deaths 
per 1,000 live births. A strong nationwide resurgence in the incidence 
of breastfeeding occurred between the two world wars, accompanied by 
a decline in the average duration of breastfeeding [Kintner (1985)]. 
Nationally, the percentage ever breasffed rose to 95 % and the formerly 
large regional differences in breastfeeding patterns disappeared by 1937 
(ibid.). How much of this decline was due to the resurgence in the 
incidence of breastfeeding? If the average percentage ever breastfed 
rose to 95% and the values of the other variables stayed at their 1910 
level, the average 1MR is predicted to fall to 147, a drop of 9%. The 
increase in breastfeeding accounted for only a small portion (16%) of 
the infant mortality decline during this period. In contrast, an increase 
in access to infant welfare centres to its 1933 level of 553.3 per 100,000 
live births would lead to a 27% drop in infant mortality; the  increase in 
access to physicians (to 6.68 per 10,000 population) would result in a 
13% decline in infant mortality; and the dramatic decline in marital 
fertility (to I G =  0.29) would lead to an infant mortality rate 18% 
lower. Since the percentage illegitimate increased between 1910 and 
1933, it did not contribute to the decline. 
14 This predicted IMR was not  obtained by merely multiplying the value of percentage ever 
breastfed for each administrative a rea  by 1.2 since this procedure leads to some cases with values 
exceeding one hundred per cent. Rather, percentage ever breastfed was raised by a greater amount  
in the areas where breastfeeding was least common.  That  is, percentage ever breastfed was 
multiplied by 2.26 for areas where less than half of  all infants were breastfed, by 1.35 where 
50-74% of infants were breastfed, by 1.173 where 75-82% of infants  were breastfed, and  by 1.05 
where over 82% of infants were breastfed. 
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Comparison of equations A and C in table 3 shows that the regres- 
sion coefficients of the other variables are affected very little if the 
prevalence of breastfeeding is omitted from the equation. Since there is 
little such specification bias, researchers in countries without informa- 
tion on breasffeeding can examine the impact of other variables on 
regional differences in infant mortality with little worry that these 
estimates are biased. 
The cause-of-death structure and the impact of breastfeeding on the 
causes of infant death will be examined next to determine why breast- 
feeding's contribution to regional differences is small compared to that 
of other factors. But first, the impact of breastfeeding on marital 
fertility is reviewed. 
The effect of breastfeeding on marital fertility is examined in the last 
two columns of table 3. In equation D, marital fertility is regressed on 
infant mortality, percentage Catholic, percentage rural, access to medi- 
cal care and net migration. No breastfeeding terms are included. The 
coefficients for percentage Catholic, percentage rural and access to 
medical care are significant. The first two coefficients are positive, as 
was hypothesized. Contrary to expectations, though, access to medical 
care reduces marital fertility. The coefficients of infant mortality and 
migration are not significant. In equation E, marital fertility is re- 
gressed on all the variables in the previous equation plus the percentage 
breastfed. Breastfeeding does not significantly affect marital fertility. 
This model explains 83% of the regional variation in marital fertility. 
8. Cause-of-death structure 
Regional differences in infant mortality rates are primarily due to 
water-borne diseases without cramps (WAT), which are responsible for 
45% of the regional variation in infant mortality (table 4). Certain 
diseases of infancy account for a quarter of the variation in infant 
mortality. Other and unknown diseases (including cramps) are respon- 
sible for 19% of the variation while air-borne diseases account for 11%. 
The contribution of water-borne diseases remains the same even when 
deaths due to cramps are added to it, as can be seen by comparing the 
regression coefficient for water-borne diseases without cramps (0.45) to 
that for water-borne diseases with cramps (0.48). 
The relatively small impact of breastfeeding on regional differences 
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Table 4 
Correlation coefficients and parameters of linear regression relating cause-specific infant mortality 
rates (CSIMR) to the infant mortality rate (1MR) from all causes combined, 54 German 
administrative areas, 1910. a 
Cause of Coefficient CSIMR = a + b IMR 
death of a b 
correlation 
Diseases of infancy (CDI) 0.77 -0.0036 0.2501 b 
(0.75) (8.64) 
Water-borne diseases (WA T) 0.81 - 0.0250 b 0.4541 b 
(3.31) (10.05) 
Air-borne diseases (AIR)  0.58 0.0136 b 0.1077 b 
(3.86) (5.11) 
Other diseases 0.34 0.0150 0.1881 b 
(including cramps) (OTH) (1.26) (2.62) 
Sum 0.000 1.000 
Water-borne diseases 0.86 - 0.0140 0.4783 b 
+ cramps ( WA T * ) (2.19) (12.43) 
Other diseases 0.42 0.0041 0.1638 b 
(excluding cramps) ( OTH* ) (0.51) (3.37) 
a All rates are in decimal form. T-statistics are in parentheses. 
b Coefficient is at least twice its standard error. 
in infant mortality is surprising since regional differences in infant 
mortality are due primarily to water-borne diseases, which are thought 
to be closely linked to infant-feeding practices. 
9. The impact of breastfeeding on the causes of infant death 
This section examines the cause-of-death structure to see why 
breastfeeding contributes much less to regional differences in infant 
mortality than do access to medical care and illegitimacy. Three 
explanations are possible. Firstly, breasffeeding may exert a greater 
influence than other factors on those causes of death that account for 
relatively little of the regional differences in infant mortality. Secondly, 
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whose combined size is less than that of other variables. Thirdly, the 
impact of breastfeeding on the causes of death may be much less than 
that of the other factors. 
To analyze these possibilities each cause-specific infant mortality 
rate, transformed as a logit, was regressed on the variables in equation 
C of table 3. The following discussion focuses on which causes of death 
the explanatory variables influence (as can be seen in the rows of table 
5), rather than on which variables account for regional differences in 
each cause-specific infant mortality rate (which is shown in the col- 
umns of table 5). 
The first possible explanation ts examined by looking at the signifi- 
cance of the coefficients of the two breastfeeding terms in the equations 
for certain diseases of infancy and water-borne diseases without cramps, 
the causes of death most responsible for regional differences in infant 
mortality. Since the coefficients for percentage ever breastfed are 
significant, the first explanation can be discarded. Note that access to 
medical care, percentage Catholic, and percentage illegitimate also 
influence these causes of death. 
Next, the impact of the various factors on the causes of death is 
examined. Breastfeeding influences fewer causes of death than do 
percentage illegitimate or percentage Catholic. Contrary to expec- 
tations, there is no association between breastfeeding and air-borne 
diseases. Percentage illegitimate affects all cause-specific infant mortal- 
ity rates, including air-borne diseases and other causes of death with 
cramps, which are not influenced by breastfeeding. Percentage Catholic 
affects air-borne diseases in addition to those affected by breasffeeding. 
Access to medical care influences only those causes that breastfeeding 
does. These results partly support the second explanation. 
The third possible explanation is examined by calculating the impact 
of breastfeeding on certain diseases of infancy and water-borne dis- 
eases, using dIMR (for each cause), standardized coefficients and 
elasticities. As with infant mortality from all causes combined, the 
impact of changes in breastfeeding are less than those of access to 
medical care and percentage illegitimate. An  increase of one unit in 
percentage ever breastfed reduces infant mortality from certain diseases 
of infancy (CDI) by 0.23 but  a corresponding increase in percentage 
illegitimate raises it by 1.46 while a one unit increase in access to 
medical care lowers it by 2.55. Similarly for water-borne diseases, a one 
per cent increase in percentage ever breastfed lowers infant mortality 
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by 0.51 while an increase in percentage illegitimate raises it by 0.87 and 
an increase in access to medical care lowers it by 5.78. 
When the relative importance of variables is measured by standar- 
dized regression coefficients, the results are identical to those for 
d l M R .  However, when viewed in terms of elasticities, percentage ever 
breastfed has a slightly larger impact on mortality from certain diseases 
of infancy than do access to medical care or illegitimacy, as well as a 
slightly larger effect on mortality from water-borne diseases than does 
access to medical care. Results using elasticities differ from those based 
on standardized coefficients because the elasticity for percentage ever 
breastfed is inflated by its large mean relative to those of the cause- 
specific infant mortality rates, a5 
These conclusions are little affected if the modified classification is 
used in place of the original classification. The only major changes are 
that access to medical care influences other diseases without cramps 
instead of water-borne diseases without cramps and marital fertility 
affects water-borne diseases with cramps instead of other diseases with 
cramps, a6 
This section has shown that breastfeeding contributes less to regional 
differences in infant mortality than do access to medical care and 
illegitimacy for two reasons. Its impact on the two chief causes of 
death, water-borne diseases without cramps and certain diseases of 
infancy, is less than the impact of the other two factors. In  addition, it 
influences fewer causes of death than does the percentage illegitimate 
although it influences the same number  as access to medical care. 
10. Discussion 
This paper has examined the impact of regional differences in 
breastfeeding on infant mortality patterns in Germany around 1910. 
a5 Elasticity is the product of dlMR and the ratio of the mean of the explanatory variable to the 
mean of the dependent variable [Stohenberg (1979)]. 
16 The impact of the way that cramps were classified was examined by adding a dummy variable 
to the equations in table 5. This variable was scored one if the cramps category was used in that 
administrative area and zero otherwise. After controlling for the other factors affecting infant 
mortality, the administrative areas using the cramps category had higher mortality from other 
diseases (with cramps) and lower mortality for water-borne diseases without cramps than other 
areas did. These differences remained after moving some of the deaths away from other diseases 
and into water-borne diseases, as was done in the modified classification. These findings show that 
the correction procedure over-compensated for the cramps classification, 
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Several conclusions have been reached. First, the prevalence of breast- 
feeding is strongly negatively related to infant mortality and remains so 
after controlling for public health measures and social, economic, and 
demographic factors that also influence infant mortality. The relation- 
ship between breastfeeding and infant mortality is quadratic, indicating 
that prolonged breastfeeding beyond six months reduces infant mortal- 
ity even further than shorter durations. 
Despite the statistical significance of its effect, breastfeeding has 
much less impact on infant mortality than do several other determi- 
nants of infant mortality, including access to medical care, percentage 
illegitimate, and marital fertility. Little specification bias results when 
percentage ever breastfed is omitted from the regression equation. This 
result can be expected to hold where the level, variability, and impor- 
tance of breastfeeding, as well as its associations with other variables, 
are similar to those in Germany around 1910.17 
The relatively weak impact of breastfeeding was unexpected since 
examination of the cause-of-death structure revealed that water-borne 
diseases, which are strongly influenced by breastfeeding, accounted for 
most of the regional differences in infant mortality. Analysis indicated 
that breastfeeding contributes less to overall infant mortality because 
its impact on the various cause-specific infant mortality rates is weaker 
than that of the other factors. In addition, percentage illegitimate has a 
stronger impact than breastfeeding because it influences all causes of 
death while breastfeeding affects only half of them. 
What are the implications of these findings? This paper supports the 
contention that the impact of breastfeeding on infant mortality may 
have been exaggerated in earlier studies [Palloni and Tienda (1986)]. 
Many of these studies did not control for other social, economic, and 
medical factors that also influence infant mortality. 
Other researchers have argued about the importance of breastfeeding 
for explaining regional differences in infant mortality. This paper 
supports Lesthaeghe's (1963) contention that while Vandenbroeke et al. 
(1983) credited breastfeeding with explaining too much of regional 
differences in infant mortality in the Netherlands and Belgium, it 
cannot be completely dismissed, as Hofstee (1983) has asserted. It also 
suggests that factors influencing mortality chances among individuals 
17 I a m  g ra t e fu l  to  a n  a n o n y m o u s  rev iewer  fo r  p o i n t i n g  th is  o u t  to  me.  
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should not be assumed to have identical impact on mortality rates 
among populations. 
Lastly, these findings must be viewed in the light of the possibly 
unique conditions in Germany, where regional differences in both the 
prevalence and duration of breastfeeding were pronounced. Breastfeed- 
ing patterns in other European countries may not have been as diverse 
as those in Germany. Furthermore, the substitutes for breastmilk used 
in Germany, particularly the wheat gruel and the early attempts at 
infant formulae, were not as common in other European countries. 
Since the impact of breastfeeding on infant mortality depends upon the 
nutritional adequacy and sterility of alternative infant foods, our 
findings concerning impact of breastfeeding on infant mortality in 
Germany may not be transferable to other countries. Further research 
is needed on the impact of breastfeeding under varying circumstances. 
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